Abstract. Human PNAS-4 (hPNAS-4), as a pro-apoptotic gene, can inhibit tumor growth when overexpressed in some malignant cells. Poly (lactic-co-glycolic acid) (PLGA) was used as a gene transfer vector due to the advantage of sustained release, nontoxicity and biodegradability. In this study, we aimed to investigate the effect of PLGA nanoparticles encapsulating hPNAS-4 combined with cisplatin (DDP) on ovarian carcinoma. Expression of hPNAS-4 was determined by RT-PCR. Mice bearing intraperitoneal ovarian carcinomas were treated with PBS, pVAX-PLGA nanoparticles (P-P), pVAX-hPNAS-4-PLGA nanoparticles (PhP-P), DDP and PhP-P plus DDP, respectively. Intraperitoneal tumors were weighed to assess the antitumor efficacy. The percentage of proliferative cells and apoptotic cells was evaluated by Ki-67 staining and terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling. The anti-angiogenic effects were detected by CD31 staining and the alginate-encapsulate assay. Overexpression of hPNAS-4 was detected by RT-PCR in the PhP-P and PhP-P plus DDP groups. PhP-P exerted significant antitumor activity through induction of apoptosis, inhibition of cell proliferation and suppression of angiogenesis, compared with treatment with P-P or PBS alone. The combination of PhP-P with DDP showed enhanced antitumor activity compared with therapy of PhP-P or DDP alone. PLGA encapsulating hPNAS-4 combined with DDP may have promising applications in the therapy of ovarian cancer.
Introduction
PNAS-4 is identified as a novel pro-apoptotic gene, which can inhibit tumor cell growth through apoptosis. It is activated in the early stage of DNA damage, and consequently exerts the function of inducing apoptosis. Previous studies have shown that PNAS-4 significantly inhibits tumor growth of CT26 colon carcinoma and LL2 lung carcinoma in murine models (1) . PNAS-4 has been proven to be a key regulator of cell migration during gastrulation in zebrafish model (2) . X. laevis PNAS-4 (xPNAS-4) has been found to be present in early embryo development (3) . PNAS-4 was widely expressed in various tissues especially in skeletal muscle (4) . The sequence identity between human PNAS-4 (hPNAS-4) protein and mouse, Χenopus and zebrafish PNAS-4 is 96, 87 and 81% respectively (5) . Overexpression of hPNAS-4 has been proven to possess the biological activity of inhibiting cell proliferation via inducing cell apoptosis in some tumor cells, such as osteosarcoma, lung carcinoma and ovarian cancer (5-7). Filippov et al have reported that overexpression of hPNAS-4 in the human osteosarcoma cell line-U2O increased cell death via apoptosis (6) . The apoptotic mechanisms of hPNAS-4 include activation of a mitochondrial pathway and arrest of the cell cycle in the S phase (5) .
Ovarian cancer is the leading cause of gynecological cancer mortality. There are an estimated 230,000 new cases of ovarian cancer, resulting in over 140,000 deaths every year (8) . Cisplatin (DDP), one of the most important chemotherapy drugs, has been widely used to treat ovarian cancer. However, DDP action on malignant cells is elicited at high DDP doses. The severe toxicity and side-effects owing to the high dose often cause patient intolerance. As a result, a strategy using dual agents rather than a single agent may become a more useful alternative with the purpose of higher antitumor efficiency and lower toxicity. The antitumor effect of DDP derives from its capability to form bifunctional DNA crosslinks, failure to repair damaged DNA, interference with DNA replication, cell cycle arrest, and ultimately apoptosis (10) (11) (12) (13) . Apoptosis induced by hPNAS-4 also involves DNA damage (8, 14) . Therefore, in this study, we aimed to utilize the combination therapy of hPNAS-4 with DDP to treat ovarian cancer.
Therapeutic efficiency of functional genes mainly depends on effective gene delivery systems (14, 15) . At present, non-viral gene delivery systems and transfer techniques including the cationic liposome, the polymer-based system, the biolistic system, ultrasound, electroporation and hydroporation, have been widely studied. Nevertheless, the clinical use of these techniques is restricted due to cytotoxicity, low stability, trauma in operation and so on. In our previous study, it has been demonstrated that hPNAS-4 delivered by liposome complex has an effect on inhibiting tumor growth. However, the dose of plasmid required to achieve therapeutic effect was very high (1, 16) , which restricts its future clinical use. The poly (lactic-co-glycolic acid) (PLGA) nanoparticles have the characteristics of nontoxicity, controlled and sustained release of embedded drug, rapid evasion of the endo-lysosomal pathway, selective deposition in target tissues, biocompatibility and biodegradability (17) (18) (19) (20) . Furthermore, PLGA nanoparticles have been approved by the US Food and Drug Administration (FDA) for the use of drug delivery. Accordingly, we used PLGA nanoparticles encapsulating the hPNAS-4 gene combined with DDP to investigate the antitumor efficiency of combination therapy on ovarian cancer.
In this study, the hPNAS-4 exerted significant effectiveness in inhibiting tumor growth and angiogenesis. The antitumor activity of hPNAS-4 was enhanced when combined with DDP. Additionally, PLGA show efficient transfection without obvious toxicity.
Materials and methods
Cell culture and transfection. The human epithelial serous cystadenocarcinoma cell line SKOV3 was purchased from American Type Culture Collection (ATCC, Rockville, MD) and cultured in RPMI-1640 culture medium with 10% fetal calf serum, 2.0 mM L-glutamine and 0.1 mg/ml amikacin. Cells were incubated at 37˚C in a humidified atmosphere of 5% CO 2 . SKOV3 cells (2x10 5 /well) were seeded in 6-well dishes and incubated to 80% confluence. pVAX-PLGA nanoparticles (P-P) and pVAX-hPNAS-4-PLGA nanoparticles (PhP-P) (containing 4 µg plasmid) were mixed in the medium. DDP was prepared at a concentration of 5.0 µg/ml. After incubation for 6 h, the medium was replaced. Untreated cells were used as controls. After transfection, SKOV3 cells were collected for RT-PCR analysis.
Plasmid construction and purification. The pVAX vector (Invitrogen, Carlsbad, CA) encoding the hPNAS-4 (pVAXhPNAS-4) was a gift from Dr Ping Chen. The pVAX vector without hPNAS-4 gene was used as an empty control. Largescale plasmid DNA was prepared using the Endofree Plasmid Giga kit (Qiagen, Chatsworth, CA). The purified plasmids were dissolved in Tris-EDTA buffer and stored at -20˚C for further use.
PLGA nanoparticles formulation. The PLGA (75:25; MW, 50000) nanoparticles with cDNA were prepared by the following modification of a previously described water-in-oilin-water (w/o/w) double emulsion solvent evaporation process (21) . Briefly, cDNA was mixed with polylysine (PLL, MW, 25000, Sigma) -5% dextrose in water (5% GS) for 30 min. The cDNA was concentrated by electrostatic binding. PLGA dissolved in chloroform-acetone solution was dropped into the cDNA-PLL mixture. The primary emulsion was formatted after the mixture was sonicated for 30 sec. Dispersed in 1% (w/v) polyvinyl alcohol-Tris-EDTA buffer (PVA-TE), the primary emulsions were treated with sonication until the organic solvents were removed. The obtained nanoparticles were resuspended in deionized water and were stored at 4˚C for further analyses. The PLGA nanoparticles prepared with pVAX were named P-P. The PLGA nanoparticles loaded with pVAX-hPNAS-4 were named PhP-P.
PLGA nanoparticles characterization. The particle size and polydispersity index (PDI) were determined by the Spectrex Laser Particle Counter. The process was repeated three times. PLGA nanoparticles loaded with cDNA were centrifuged (15000 rpm, 30 min). The supernatant (200 µl) was mixed into 3.8 ml of the 0.15 µg/ml Hoechst 33258. The fluorescence intensity was determined at an excitation wavelength of 350 nm and an emission wavelength of 455 nm. The plasmids in the supernatant which were not encapsulated in nanoparticles were quantified by a one point external standard method. The encapsulation efficiency (EE) of PhP-P was determined using the following formula: the ratio of the actual amount of encapsulated cDNA over the total amount of cDNA used for the preparation of the nanoparticles. The drug load (DL) was used to describe the actual amount of encapsulated cDNA over the amount of carrier materials. The surface of the PLGA nanoparticles was determined by the S-4800 Hitachi scanning electron micrograph (SEM) at x40,000 magnification. The average diameter of the PLGA nanoparticles was measured with photon correlation spectroscopy (PCS) and the Zetasizer Nano ZS90 potential analyzer (Malvern Instruments Ltd., Malvern, UK).
Detection of hPNAS-4 expression. RT-PCR was carried out
to detect the expression of hPNAS-4 mRNA in vitro and in vivo. The upstream primer and downstream primer for hPNAS-4 (GenBank accession no. CAH70880) were: 5'-ccc agg aaa tgc ttc tgaac-3' , and 5'-tga tcc agc gag gaa tct ct-3' , respectively. The total-RNA was extracted by TRIzol reagent (Invitrogen) according to the manufacturer's instruction. RT-PCR was performed as follows: incubation at 52.7˚C for 40 min and denaturation at 95˚C for 3 min; DNA amplification for 30 cycles (95˚C for 30 sec, 52.7˚C for 30 sec and 72˚C for 30 sec/cycle); a terminal elongation step at 72˚C for 10 min. The primers were used for RT-PCR amplification of hPNAS-4 (600 bp). GAPDH was used as an internal control (464 bp). The RT-PCR products were analyzed with 1.0% agarose gel electrophoresis.
Tumor model and treatment. Six to eight week-old female athymic nude mice were purchased from the Sichuan University Animal Center. SKOV3 cell line were originally injected s.c. to develop primary tumors; then the tumors were harvested for i.p. inoculation (22) . Seven days after inoculation, therapy was initiated through intraperitoneal injection. The mice were randomly assigned into five groups to receive the following treatment (5 mice/group): a) PBS as control; b) P-P containing 5 µg pVAX plasmid every 2 day for 12 times; c) PhP-P containing 5 µg pVAX-hPNAS-4 for 12 times; d) DDP (Qinu Pharmacy Corporation, China) 3 mg/kg weekly for 3 times; e) PhP-P plus DDP (PhP-P+DDP) containing treatment of PhP-P for 12 times and DDP for 3 times. Three days after the last treatment, mice were sacrificed. Tissues were fixed in 10% neutral buffered formalin and embedded in paraffin. All procedures of the animal experiments were approved by the Institute's Animal Care and Use Committee.
Immunohistochemical analysis. The tumor sections were deparaffinized and immersed in 10 mM citrate buffer. Heatinduced antigen retrieval was accomplished in a pressure cooker. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide. To reduce non-specific staining, the sections were incubated with 10% normal goat or rabbit serum. After overnight treatment with anti-mouse monoclonal CD31 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) and anti-human monoclonal Ki-67 antibody (Thermo Fisher Scientific, Fremont, CA), sections were incubated with biotinylated secondary antibody and streptavidin-biotin-peroxidase complex (SABC), sequentially. The immunoreaction was visualized using the diaminobenzidine (DAB) solution as the chromogen, and then the cellular nuclei were counterstained with Mayer's hematoxylin.
The highest vascular density areas were identified at x100 magnification. Five areas of highest microvessel density (MVD) were selected for counting at high-power field (hpf) (x400) (23) . Cells with definite nuclear positive reactivity stained with Ki-67 were counted in 10 random fields at hpf. The Ki-67 index depicting the positive cells among the total neoplastic cells was determined (24) .
Apoptosis assay. Apoptosis in vivo was observed by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining. The Dead End Fluorometric TUNEL System (Roche, Mannheim, Germany) was carried out following the manufacturer's instructions. Cell nuclei with apoptotic morphology, stained with green fluorescence were defined as TUNEL-positive. The number of TUNEL-positive nuclei was counted in 10 random fields at hpf (x400). The percentage of apoptosis was used to describe the number of apoptotic cells over the total number of cells (25) .
Calcium alginate embedding. Alginate (Sigma) was autoclaved in 0.9% NaCl solution at a concentration of 1.5% (w/v). SKOV3 cells were suspended in alginate solution. The alginate solution containing SKOV3 cells were released into a solution of calcium chloride (250 mM). Microencapsulations containing SKOV3 cells (2x10 5 cells/bead) were generated. Then, the micro encapsulations were embedded at the back of mice (4 beads/mice) under anesthesia. The mice were treated with PBS, P-P, PhP-P, DDP or PhP-P plus DDP, respectively. In the end of the experiment, blood vessels covering calcium alginate beads were imaged under a microscope (x4). Before the mice were sacrificed, 100 mg/kg FITC-dextran (Sigma) was injected through the tail vein. Microencapsulations marked with FITC-dextran were abraded and centrifuged in 0.9% NaCl solution. The supernatants were evaluated with an enzyme-linked fluorescent immunoassay. The standard curve was determined with a series of FITC-dextran concentrations. The uptake of FITC-dextran was measured against the stadard curve.
Toxicology analysis. The relevant indices such as weight loss, ruffling of fur, behavior and feeding were evaluated continuously. The weight of mice was measured every three days. When the mice were sacrificed, discernible anomaly signs and inflammation in the abdominal cavity were assessed. Tissues and organs (including lung, liver, kidney, heart, pancreas and spleen) were fixed, embedded and sectioned. The sections were stained with hematoxylin and eosin (H&E).
Statistical analysis. Data were assayed by analysis of variance (ANOVA) and the unpaired Student's t-test. All results were expressed as the means ± standard error (SE). The statistical analyses were performed using the SPSS software (version 12.0). A P-value <0.05 was defined as statistically significant.
Results
Physical properties of nanoparticles. SEM images showed that PhP-P were uniform spheres. Additionally, the nanoparticles were free of observable defects (Fig. 1A) . The average diameter and polydispersity index (PDI) of PhP-P were determined by PCS. The average diameter was 236.9±5.28 nm and the PDI was 0.16±0.01. These data displayed a narrow size distribution, which was in agreement with the result of SEM. pVAX-hPNAS-4 was encapsulated into PLGA nanoparticles with a high EE of 91.24%. Dynamic light scattering (DLS) further confirmed the homogeneity of the particles (Fig. 1B) .
Expression of hPNAS-4 in vitro and in vivo.
RT-PCR analysis was employed to verify whether transfection of PhP-P resulted in an evidently improved expression level of hPNAS-4 in ovarian cancer cells. Overexpression of hPNAS-4 was detected in SKOV3 cells transfected with PhP-P (600 bp) (Fig. 2A) . The integrity and quantity of cDNA was confirmed by amplification of GAPDH (464 bp). Overexpression of hPNAS-4 in vivo was also conformed by RT-PCR after administration of PhP-P (Fig. 2B) . The results show that overexpression of exogenous hPNAS-4 was detected in tumor tissues treated with PhP-P or PhP-P plus DDP. The results suggest that foreign hPNAS-4 gene loaded in PLGA nanoparticles could be expressed in ovarian cancer.
Tumor suppressor function of the combination of PhP-P with DDP. The group of animals treated with PhP-P alone exhibited a significant inhibition of tumor growth (mean tumor weight, 0.8±0.166 g) (Fig. 3) . The tumor growth in the PhP-P group was significantly lower compared to those treated with P-P and PBS (P<0.05). This result was similar to what we observed in the group treated with DDP (mean tumor weight, 0.634±0.091 g) (P>0.05). The PhP-P + DDP-treated group showed an enhanced effect on tumor suppression (mean tumor weight, 0.248±0.048 g, P<0.05). None of the nude mice in the three therapy groups developed blood ascites. The tumor weights of the P-P or PBS-treated group were obviously increased (mean tumor weight, 1.524±0.125, 1.386±0.175 g, respectively). Furthermore, macroscopic tumors and blood ascites were found in the two groups.
Inhibition of tumor cell proliferation in vivo.
The proportion of proliferative tumor cells was analyzed by the percentage of Ki-67 positive cells (Fig. 4) . Nuclear staining in tumor tissues of PhP-P or DDP single therapy groups showed less less staining for Ki-67 compared with the P-P and PBS groups (P<0.01). The mean percentage of Ki-67 positive cells in the PhP-P group was not significantly different from that of DDP group (P>0.05). The percentage of Ki-67 positive cells in tumor tissues treated with PhP-P plus DDP was obviously reduced compared with the controls (P<0.01). The empty vector and PBS group exerted significantly tumor cell proliferation in vivo. A quantitative comparison of cell proliferation was shown in Fig. 4A .
Induction of apoptosis in vivo.
The PhP-P and DDP monotherapy led to a significant increase apoptotic cells compared with the empty vector therapy (P<0.01). There was no significant difference in the % of apoptotic cells between the PhP-P and DDP group (P>0.05). The tumor tissues from the group treated with PhP-P plus DDP showed increased % of apoptotic cells compared with the PhP-P or DDP groups (P<0.01). However, the empty vector and PBS group did not exhibit a cytopathic effect. A quantitative comparison of apoptosis is shown in Fig. 4B .
Inhibition of angiogenesis. Angiogenesis in tumor tissues
were estimated by MVD assay and the quantification of the FITC-dextran uptake (Fig. 5) . MVD was examined by CD31 staining. A significant reduction of MVD in PhP-P or DDP treated group was observed compared with that in the P-P or PBS treated group (P<0.05) (Fig. 5A) . Combination therapy resulted in lower MVD compared with PBS group (P=0.001). However, in the P-P or PBS group, the increased microvessels were easily observed. Calcium alginate beads were performed to evaluated angiogenesis. There were few blood vessels in either the PhP-P or DDP monotherapy groups. Blood vessels were very rarely observed in the PhP-P plus DDP group. However, twisted and rich blood vessels around calcium alginate were found in the P-P and PBS groups. Compared with the empty vector group, decreased uptake of FITC-dextran was observed in the PhP-P and DDP monotherapy groups (P<0.01) (Fig. 5B) . There was no significant difference between the PhP-P and the DDP groups (P>0.05). The concentration of FITC-dextran treated with PhP-P plus DDP was greatly reduced compared with monotherapy groups (P<0.01 vs. PhP-P group). In contrast, in empty plasmid or the However, the treatment of PBS and P-P did not exert the effect of inhibiting tumor growth. Results are expressed as the mean tumor weight ± SE. Results were expressed as mean tumor weight ± SE. # Indicates data points for which the PhP-P single-treatment group was significantly different from the combination therapy group ( # P<0.05; ## P<0.01). Figure 4 . Effects of the treatments on SKOV3 cells assessed by Ki-67 and TUNEL immunostaining (x400). (A) Obvious suppression in cell proliferation was detected in the PhP-P group, which was similar to the DDP group (P>0.05). The tumor tissues of PhP-P plus DDP group revealed scarce Ki-67 nuclear staining. Ki-67 staining was found in the P-P group and PBS control group apparently. (B) Apoptotic cells were detected in tumors treated with PhP-P or DDP. Apoptotic cells were predominantly observed in the PhP-P + DDP group. Apoptotic cells were not apparent in the P-P or PBS groups. Figure 5 . Effect on tumor angiogenesis was determined by CD31 immunostaining and calcium alginate embedding analysis in vivo. (A) Anti-CD31 staining revealed that there were sparse blood vessels in the tumor tissues of the PhP-P and DDP single therapy and very few blood vessels in the PhP-P + DDP-treated group; nevertheless, rich nascent capillary vessel were observed in the tumor tissues of the empty vector group and the PBS group. (B) The suppression of blood vessels occurred in the PhP-P and DDP singly treated groups. Statistically significant differences in the FITC-dextran uptake from mice in the PhP-P or DDP group vs. the PBS group were noted; There was a significant difference between the PhP-P + DDP and the PhP-P or DDP single treatment groups.
PBS-treated group, an obviously increased uptake of FITCdextran was observed in comparison to the monotherapy group (P<0.01).
Safety. There was a slight decrease in the weights of mice observed in the DDP as well as the PhP-P plus DDP-treated animals and no significant differences were found between the two groups. However, no significant differences in the weight of mice were found among the five groups (P>0.05) (Fig. 6 ). Inflammation, incrassate or hyperemic peritoneum were also not been seen. Additionally, ruffling of the fur, abnormal behavior and feeding were not detected. Toxic reaction was also confirmed by morphometric analyses. The results of H&E histological staining indicated that there were no significant pathological alterations in various organs (including lung, liver, kidney, heart, pancreas and spleen).
Discussion
hPNAS-4 could inhibit cell proliferation via apoptosis when overexpressed in several tumors. Filippov et al have reported that expression of hPNAS-4 was up-regulated in the human osteosarcoma cell line U2O using the genotoxic agent mitomycin C (5). This finding indicated that hPNAS-4 may induce an apoptotic response due to DNA damage (6). Yan et al have observed a similar result in human lung adenocarcinoma (5) . In their study, overexpression of hPNAS-4 in A549 cells resulted in down-regulation of Bcl-2 and up-regulation of Bax, and contributed to cytochrome c release from the mitochondria into the cytoplasm. This release led to caspase-3 cleavage downstream of cytochrome c. cleavage of caspase-3 resulted in the activation of endonuclease, consequently, leading to DNA fragmentation. In addition, overexpression of hPNAS-4 resulted in cell cycle arrest in the S phase through regulating p21, E2F1, and proliferating cell nuclear antigen (5) . Thus, overexpression of hPNAS-4 may relate to the suppression of DNA replication. The antitumor effect of DDP was involved in the formation of lethal intrastrand DNA crosslinks, interference with DNA replication, cell cycle arrest, and provocation of apoptosis (9) (10) (11) (12) . DNA damage inuduction might be the common antitumor mechanism for hPNAS-4 and DDP.
In this study, hPNAS-4 inhibited tumor cell proliferation and induced apoptosis. The antitumor effect in hPNAS-4 plus DDP was significantly enhanced relative to other agents, which was probably attributed to the common DNA damage-induced apoptotic pathway (5, 6, 10) . In our previous report, using other genotoxic agents, such as gemcitabine and honokiol plus hPNAS-4 resulted in a similarly enhanced effect (1,7) . Mouse PNAS-4 (mPNAS-4) combined with DDP in gene therapy has also been reported to enhance the inhibiting effect via apoptosis (26) . These results are in agreement with the investigation in this study. The result is in agreement to the hypothesis that hPNAS-4 gene combined with DDP may exert an enhanced antitumor effect.
Angiogenesis plays a vital role in tumor growth and metastasis because the blood vessels supply malignant cells with sufficient oxygen and nutrients (27, 28) . Thus, interruption of angiogenesis is an attractive strategy to inhibit tumor growth. In this study, inhibition of angiogenesis by hPNAS-4 was determined by CD31 and calcium alginate embedding in vivo. Lower microvessel density was manifested in the hPNAS-4 treated group compared with the empty vector, indicating that hPNAS-4 could inhibit angiogenesis. In addition, angiogenesis in the hPNAS-4 plus DDP group was significantly inhibited compared with the other groups. However, the exact anti-angiogenesis mechanism of hPNAS-4 remains unclear.
The mechanism of the combination therapy is not precisely understood. It may be involved multiple pathways. Based on the results of this and previous studies, we hypothesize that: i) overexpression of hPNAS-4 induces tumor cell apoptosis; ii) DDP promotes tumor cell apoptosis; iii) expression of hPNAS-4 is increased when DNA is damaged by DDP, which in turn enhances tumor cell apoptosis; and iv) the efficacy of inhibition of angiogenesis is strengthened by the combination of hPNAS-4 and DDP.
Gene transfer mainly depends on effective gene delivery systems (14, 15) . Many efforts have been made to utilize non-viral delivery systems, especially biodegradable polymeric nanoparticles (29) (30) (31) . It has been reported that PLGA nanoparticles have many advantages, such as sustained and gradual release, nontoxicity, biocompatibility, biodegradability, high amounts of plasmid, facilitating cellular uptake and tissue penetrability (17) (18) (19) (32) (33) (34) (35) (36) . Additionally, loading PLGA nanoparticles with cDNA could escape from nuclease degradation and maintain the integrity of cDNA conformation. As a delivery system, PLGA has exhibited satisfactory results (32, (37) (38) (39) (40) .
In this study, the physicochemical properties of hPNAS-4 loaded PLGA nanoparticles were assessed by spectroscopy and fluorometric detection. Gene-loaded PLGA nanoparticles in spherical shape with a smooth surface were confirmed by SEM images. Particle size is a crucial parameter of nanoparticles. It can affect drug release, stability during storage, cellular uptake, and biodistribution (41) . The size of PLGA nanoparticles around 200 nm was applicable for biodistribution in vivo. Overexpression of hPNAS-4 mRNA in tumor tissues of mice treated with PLGA nanoparticles encapsulating hPNAS-4 was detected by RT-PCR in vitro and in vivo. The results indicate that PLGA nanoparticles could Figure 6 . Mouse body weights. No significant differences in the weights of mice were found among the five groups (P>0.05). Weight loss occurred in the DDP and PhP-P + DDP-treated animals and no significant differences were found between the two groups.
deliver the hPNAS-4 gene into the tumor tissues successfully and the expression of the targeted gene could be detected at the mRNA level. Subsequently, the antitumor efficiency of hPNAS-4 delivered by PLGA was evaluated in a xenograft model of ovarian cancer. The tumor weight in the PhP-P group was lower compared with the P-P group. The tumor growth in the PhP-P group was effectively suppressed by administration of PhP-P. These results suggest that PLGA could successfully transfer the hPNAS-4 gene into tumor cells in vivo.
PLGA, as a co-polymer formed from PLA and PGA, can be degraded into carbon dioxide and water, and excreted through metabolism. It is an efficient gene delivery system without toxicity. In this study, inflammation, or incrassate or hyperemic peritoneum were not observed in any group. There were no significant differences in the body weights of mice among the five groups. Systemic toxicity was not detected. Even though weight loss was observed in the DDP and PhP-P plus DDP-treated groups, it might due to the toxicity of DDP. PhP-P showed an excellent tolerance in the course of intraperitoneal treatment. The apparent safety of PLGA suggests it should be tested in future clinical trials.
In conclusion, hPNAS-4 may have an effective antitumor activity and anti-angiogenesis effect against ovarian carcinoma. The antitumor activity of hPNAS-4 was enhanced when combined with DDP. PLGA may exert efficient transfection without gross toxicity. Thus, PLGA delivering hPNAS-4 combined with DDP may have a promising application in the treatment of ovarian cancer.
